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論文内容要旨
CoCrMo (Cobalt-Chromium-Molybdenum) are commonly used for metal implant in the hip 
prosthesis and knee joint, due to the excellent properties such as high strength, good corrosion resistance, 
good wear, and friction resistance. Electron Beam Melting (EBM) is become promising for metal implant 
manufacturing due to the ability to produce complex geometries and custom design. During the proses 
implantation, wound healing has involved a different condition in the body. Mainly, inflammation is a 
complex condition in the body that require much inflammatory cell and non-inflammatory cell to produce 
a reactive oxygen species which called hydrogen peroxide (H2O2). This condition can promote the 
dissolution of metal ions. The primary concern is Cr6+ and Cr3+ have been suspected by International 
Agency Cancer Research (IACR) as contributor number one and three for carcinogenesis. In addition, the 
metal ions release also increase the concentration of critical inflammatory cytokines that stimulate 
osteoclast, thereby contribute to osteolysis and aseptic loosening. Osteolysis and aseptic loosing currently 
provide 75% of implant failures. Oxygen as medicine has used for a long time. It has succeeded to induce 
bone fracture and tissue growing with hyperbaric technique. Oxygen treatment during wound healing 
also brings benefit for the metal implant to passivate and repassivate to produce passive film protection — 
usually, the excellent performance of implant metal due to the ability of passive film protection. However, 
there is still unclear information about the correlation between after passivity break to the total of Cr 
valence release from the metal implant. As noticed by clinical case, the most replacement case is due to 
the already damage to the surface of implant thus induce several rejection symptoms from the body 
mainly due to the toxicity. The overall goal of this study was to investigate in-vitro corrosion behavior of 
Co-Cr-Mo alloys prepared by Electron Beam Melting (EBM) in inflammatory artificial blood plasma to the 
toxicity of Cr valence contribution. 
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The study of microstructure CoCrMo prepared by EBM in various direct-built and forging, it 
revealed the evolution of microstructure due to the direct built 0°, 45°, 55°, and 90°. From the longitudinal 
cross-section of the rod, the top part dominated by ɤ-fcc, meanwhile the bottom part was majority 
presented ɛ-hcp. Exceptional 90°, the top, and bottom part performed ɤ-fcc. IPF maps depicted the 
evolution of misorientation. 0° and 45° were shown strong orientation near plane (001) in the top part, 
while a random weak orientation in the bottom part. The 55° was performed a random orientation in the 
top part, however, a strong orientation in the bottom part. A random orientation with columnar structure 
was exhibited in 90° both top and bottom part. The ratio of high angle boundaries was dominated in all 
CoCrMo alloys both forging and EBM fabricated. Inhomogeneity grain size distribution resulted from 
CoCrMo prepared by EBM compare than forging. The grain size average exhibited higher in EBM 
fabricated than forging. The bottom part performed bigger grain size average compare than the top part, 
except 90º revealed almost similar. Reducing the carbon in the composition was still shown the 
precipitates in grain boundaries and matrix grains with small of precipitates average size. Amount of area 
fraction of precipitates depicted higher in EBM than forging. The higher area fraction found in the bottom 
part compares than in the top part. Two types of precipitates appeared in forging, Si-rich (black spot) and 
rich of Cr and Mo (blocky grey). EBM fabricated also produced two types precipitates white bright indicate 
rich of Mo and Si, while grey depicted rich  Cr, Mo, and Si. Similarity trend performed by the thermo cal 
software, the phase formation, and property diagram. The EBM fabricated accomplished the martensitic 
transformation, which holds Shoji-Nishiyama (S-N) orientation relationship. 
The polarization study depicted that in alkaline and acidic, CoCrMo can produce passivity. The 
role of H2O2 was significant increase the oxidizing power of SBF, thereby alter the passivity domain. H2O2 
and FeCl3 were contributed Fenton-like and Fenton reaction by producing OH• and O2• radical. The Ecorr 
value was not committed directly to the Cr valence behavior release at 1.5 V, where passivity already 
damage. The Cr6+ was majority produced in alkaline, however, in acidic more dominated by Cr3+ release. 
The H2O2 was significantly increasing the release of Cr3+ from CoCrMo. It indicated that H2O2 was acting 
as a reduction agent during polarization. The 45 bottom (ɛ45) and 55 top (ɤ55) were considering for better 
structure of CoCrMo, due to ability produce passivity and less production of Cr valence release (Cr6+ and 
Cr3+) in transpassive domain. Both 45 bottom (ɛ45) and 55 top (ɤ55) were consists of two orientation 
combination, which each of the indicated planes with prefers of slip. The cell viability strongly influenced 
by amount Cr6+ release in alkaline SBF. Moreover, OH• and O2• radical also contribute toxicity in SBF 
with H2O2. The Cr3+ did not contribute to the toxicity of fibroblast, and it performed in acidic SBF. 
Impedance study in initial surface revealed CoCrMo has an excellent corrosion resistance in SBF 
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Impedance study in initial surface revealed CoCrMo has an excellent corrosion resistance in SBF 
both alkaline and acidic. The present of H2O2 with/without Fe as oxidation agent was significantly 
depressed the quarter-circle Nyquist spectrum, which indicates reducing the corrosion resistance of 
CoCrMo due to increasing the oxidizing power SBF. The contribution of properties such as solution 
resistance, film resistance and Warburg (diffusion) influenced the behavior of impedance due to the 
solution condition. Immersion test in each of SBF condition for a week depicted the growth of passive film 
in all CoCrMo. H2O2 with/without Fe also reduce the passivity performance, due to Fenton-like and 
Fenton reaction. The immersion test for a week exhibited a different trend in Cr valence release behavior. 
Alkaline SBF with and without H2O2 10 mM was significant contributed for Cr3+ release. The Cr6+ 
produced by cast forging in acidic, meanwhile EBM fabricated only performed of Cr3+ release. Reduce the 
pH 4.5 (acidic) revealed the release of Cr3+. Concentration H2O2 20 mM with/without Fe in acidic still 
dominated release of Cr3+. However, increasing the H2O2 40 mM was significant induced of Cr6+. In 
addition, the increasing of Cr6+ become faster when H2O2 40 mM combine with FeCl3. Increasing of 
oxidizing power was dramatically promoted the higher of Cr6+ and Cr3+ release in all CoCrMo alloys. The 
correlation was significant from impedance after immersion. The CoCrMo performed good corrosion 
resistance from Nyquist spectrum in alkaline with and without H2O2. The depressed of semicircle Nyquist 
started in SBF pH 4.5 H2O2 40 mM in some CoCrMo alloys. However, the contribution of FeCl3 in SBF pH 
4.5 H2O2 40 mM was changed dramatically to the oxide film. All the Nyquist spectrum was depressed 
drastically. The higher the concentration of H2O2 combine with FeCl3 in the SBF was strongly increased of 
oxidizing power of SBF, further promote to the metal dissolution which as a catalyzer in the reaction of 
Fenton-like and Fenton reaction. The oxide film of CoCrMo alloy was not able to achieve passive condition. 
The EPR was performed low of value, which indicated no localized corrosion (pitting and crevice). However, 
the sensitizer from EPR revealed the role of H2O2 as reduction agent in H2O2 20 mM with/without Fe in 
acidic SBF. H2O2 10 mM and H2O2 40 mM with/without Fe, it indicated H2O2 as oxidizing agent. The EPR 
performed low of a value, which indicated no localized corrosion (pitting and crevice). However, the 
sensitizer from EPR revealed the role of H2O2 as a reduction agent in H2O2 20 mM with/without Fe in 
acidic SBF. H2O2 10 mM and H2O2 40 mM with/without Fe, it indicated H2O2 as an oxidizing agent. 
The cyclic voltammetry study performed redox reaction. Oxidation depicted by Cr2O3, Cr(OH)3, 
MoO2, Co(OH)2 (Co precipitated only in alkaline SBF), and Co dissolution in acidic to all CoCrMo alloys. 
In reduction after transpassive, it depicted CoCrMo reversible to perform Cr2O3, Cr(OH)3, and MoO2 oxide 
film; thus a peak appeared as Cr reduction. The reaction from cyclic voltammetry was relevant to oxide 
formation from the FTIR measurement. After the cyclic voltammetry, the Cr6+ release was found higher in 
alkaline with H2O2 10 mM, which indicates at 10 mM concentration H2O2 cannot reduce the Cr6+ become 
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Cr3+ during reduction reaction. Acidic SBF revealed of Cr3+ release with/without H2O2 and Fe. H2O2 at 
high concentration is beneficial to reduce Cr6+ become Cr3+, then it potentially for a therapeutic target 
during wound healing. It also will contribute to the lowering of inflammatory cytokines initiators then 
minimize the possibility of osteoclast and aseptic loosening in the future. 
It concluded, EBM fabricated resulted in the evolution of microstructure along the height due to 
the direct-built position during the fabrication. CoCrMo manufactured by EBM performed excellent 
corrosion and low of Cr valence release (Cr6+ and Cr3+) in SBF (blood plasma) due to the crystallographic 
orientation (ɛ45 and ɤ55) from the polarization investigation. The initial impedance surface confirmed a 
similar trend to excellent corrosion in ɛ45 and ɤ55, even with the addition of H2O2 with/without Fe both in 
alkaline and acidic compare than forging. During the immersion test for a week depicted the growth of 
passive film in all CoCrMo. The ɤ phase performed excellent corrosion in the less aggressive electrolyte, 
while ɛ phase revealed excellent corrosion in a more aggressive electrolyte (H2O2 20 mM and 40 mM). The 
release of Cr3+ dominated in alkaline and acidic with H2O2 10 mM and 20 mM with/without Fe, however, 
higher the H2O2 concentration (40 mM) with/without Fe depicted higher of Cr6+ release. It indicated that 
H2O2 40 mM damage the passive film of CoCrMo during immersion due to increasing the oxidizing power 
electrolyte. The degree of sensitization (DoS) showed the low amount in all SBF condition, which indicates 
no localized corrosion (pitting and crevice) in all CoCrMo. However, DoS benefit to predict the 
sensitization to the electrolyte that contains of H2O2. Higher the amount of DoS indicated H2O2 act as 
oxidizing agent in H2O2 10 mM and 40mM; meanwhile the lower amount of DoS showed H2O2 act as a 
reduction agent in H2O2 20 mM. Study cyclic voltammetry depicted redox reaction. The oxidation reaction 
performed formation Cr2O3, Cr(OH)3, MoO2, Co(OH)2 (only in alkaline) and Co dissolution in acidic. 
Meanwhile, the reduction after transpassive return to the oxide film formation Cr2O3, Cr(OH)3, MoO2, and 
Cr reduction. It confirmed by FTIR analysis to the oxide film formation performed as Cr2O3, Cr(OH)3, 
MoO2. From the cyclic voltammetry, H2O2 10 mM during the reduction reaction could not reduce Cr6+ 
release from transpassive become Cr3+. It indicated that H2O2 10 mM act as an oxidizing agent. Increasing 
the concentration H2O2 20 mM and 40 mM dominated Cr3+ release after reduction reaction. It meant 
H2O2 act as a reduction agent. The direct-built parameter to fabricate CoCrMo through EBM promising to 
metal implant production in the future due to the excellent of corrosion resistance and low of Cr valence 
release (Cr6+ and Cr3+). It related to the low contribution of Cr toxicity (Cr6+ and Cr3+) 
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